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O03op nocBaipeH aHajiH3y MaxpoTpaHCcjDopManHH >kh3hchhi>ix phkjiob b 3bohioiihoh- 
HOH HCTOpHH TpunaHOCOMaTHfl. nOA MaKpOTpaHC4>OpMai;HflMH nOHHMaiOTCa 3BOJIIOUHOH- 
Hbie npopeccbi, npuBo^amue k CTaHOBJieHHio reTepoKceHHbix hjih btophhho roMOKceH- 
Hbix >KH3HeHHB,ix UHKjioB y vKryTHKOHocueB ceM. Trypanosomatidae. B npeaenax stoh 
rpynnbi 6biJio 3 npaMbix MaxpoTpaHCifiopMauHH, b pe3yJibTaTe KOTopwx npoH3omno 060- 
codjieHne reTepoKceHHbix pojioB Leishmania, Trypanosoma h Phytomonas n omm cjiynaii 
oOpaTHofi m aR-pOTpa h c(})op m aunn y xpurraHOcoM H3 rpynnbi Trypanosoma (b.) brucei. 06- 
cyxcflatOTca Bonpocbi npoHCxoacaeimH, pa3Hoo6pa3na h cjmnoreHHH TaxcoHOB, bo3hhxho- 
BeHne KOTOpbix CTano caeacTBiieM MaxpOTpaHC<j>opMamiH auisneHHbix uhxjiob roMOXceH- 
Hbix TpnnaHOCOMaTHfl. 

Kmoneebie cnoea: Kinetoplastea, Trypanosomatidae, >Kn3HCHHbie nnxjibi, 3 bohh>iimh. 


TpHnaHocoMaTH^bi (Trypanosomatidae) — 3To rpynna oonnraTHo-napaaiT- 
THnecKHx ayKaptioxHbix MHKpoopraHH3MOB KHHeTonjiacTita (Euglenozoa, Ki¬ 
netoplastea), ocBOHBmaa b xanecTBe xo3aeB xax ho3bohohhbix, Tax h 6ecno3- 
bohohhbix >xhbothbix, a Tax)xe pacTeHHa. T7pe>K/ie Bcero, TpHnaHOCOMaTH^Bi 
n3BecTHBi xax BOiSyaHTejin cepbe3Hbix 3a6ojieBaHHii nenoBexa: Taxnx xax 6o- 
ae3Hb Haraca, coHHaa 6oae3Hb, xajia-a3ap, 6oae3Hb BopoBexoro n Ap. Cornac- 
ho nocae^HHM aaHHbiM B03 CTaTHCTHxa 3a6oaeBaHHH Jiioaeii TpnnaH0C0M03a- 
mh h jieHUiMaHno'taMH BbirjiaanT cjieaytouiHM o6pa30M. OTHomeHne oouiero 
nncjia HH(|)HUHpoBaHHbix x nncjiy oxercyjHO HHijiHiinpyeMbix jnoaeil BOiOynH- 
TeaaMH 6oae3HH Haraca b JlaTHHCxoii AMepnxe cocTaBJiaeT 8 mjih. / 50 tbic., 
atjipHxaHcxnx TpnnaH0C0M030B nejiOBexa 50—70 tbic. / 10 tbic., BHcnepanb- 
hbix aeMmMaHH030B b JlaTHHCxoii AMepnxe, A3hh, Atjipuxe h Cpe^ioeMHO- 
Mopbe 7/500 tbic., xo'/Khbix h xojxho-cjih3hctbix JieiTmMaHH030B CTaporo h 
Hoboto CBeTa 7/1.5—2 mjih. (WHO, 2012). 3a6ojieBaHiia ahxhx h flOManiHHx 
)xhbothbix, TaxHe xax HaraHa, cyppa, aypoHa, BBi3BiBaeMBie paui h n hbimh bh- 
^aMH TpnnaHocoM, aanacTyio npoTexaioT b (jiopMe 3nii300THii, HaHOca cepbe3- 
HBlii 3XOHOMHHeCXHH yiltepO CXOTOBOJtCTBy BO MHOTHX CTpaHaX JlaTHHCxoii 
AMepnxH, AijipHXH h A 3 HH (Hoare, 1972). He MeHbmue noTepn HeceT cejib- 
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CKOe X035IHCTBO CTpaH JlaTIIHCKOH AMepHKH H KapH6cKOTO SaCCeHHa H3-3a 
yBauamia KyjibTypHbix pacTeHHH, b nepByio ouepeub xoiJieHHbix uepeBbeB, ko- 
KOCOBBIX H MaCJIIIHHblX najIBM, KOTOpOe BBI3bIBaiOT pa3MHO^<aK)IHHeCa BO 4)JIO- 
3Me /KryTHKOHOcubi po,ua Phytomonas. 3th 3a6oJieBaHHa uacTO npHHHMaioT 
(J)opMy 3mi(J)HTOTHH (Dollet, 1984, 1991). 

ripaKTHHecKHH acneKT Ha npoTaaceHHH mhothx jieT onpeuejum BeKTop h 
HHT eHCIIBHOCTB HCCJieUOBaHIIH TpHnaHOCOMaTH^. npH 3TOM npaKTHHeCKH He 
yHHTbiBaaca tot (J)axT, hto naToreHHbie bhubi cocTaBJiaioT Bcero okojio 2 % ot 
o6mero pa3HOo6pa3na rpynnbi (Hoare, 1972; CaiJibaHOBa, 1982; noujinnaeB, 
1990). Meacuy TeM oKa3ajioci>, hto pemeHHe mhothx (JiyHuaMeHTajibHbix npo6- 
jieM, cB33aHHbix c H3yneHHeM npeucTaBHTejieH ceM. Trypanosomatidae, HeB03- 
mtokho 6e3 npHBJieHeHim uaHHbix, nojiyueHHbix b OTHomeHHH ero «HenaToreH- 
hoh cocTaBjwiomeH» (Simpson et al., 2006; Stevens, 2008; Flegontov et al., 
2013; Maslov et al., 2013; Lukes et al., 2014). K 3toh, uo HeuaBHero BpeMeHH 
oS^ejieHHOH BHHMaHHeM Hcejie^OBaTejieH KaTeropnn, npHHa/pieaoT okojio 300 
bh/job reTepoKceHHbix TpnnaHOCOM, napa3HTHpyiomHX b pa3JMHHbix no3BO- 
HOHHblX 5KHBOTHBIX, nepeHOCHHKaMH KOTOpbIX CJiyaOT HJieHHCTOHOTHe H nHHB- 
kh, a Taxace 6ojiee 400 bhuob roMOKceHHbix TpnnaHOcoMaTHu, napa3HTHpyio- 
iuhx b HaceKOMbix (Wallace, 1966; Hoare, 1972; noujinnaeB, 1990). 

nocaeAHee jjecsTHJieTHe KapurmajibHo h3mchhjio cHTyaitHK) b o6aacTH H3y- 
ueHna acryTHKOHocueB ceM. Trypanosomatidae. BBeuenne b npaKTHKy nccjie- 
AOBaHHH TpnnaHOCOMaTHA MOJieKyjiapHO-(J)HJioreHeTHHecKHx mctoaob (c hc- 
noab30BaHHeM b OTjtejibHbix cjiyuaax reHOMHbix uaHHbix) Hapauy c npHBjieue- 
HHeM K T3KHM HCCJieAOBaHHHM SojIbUIOrO HHCJia HOBbIX BHflOB npHBeJTO K 
peBojnoitHOHHOMy nepecMOTpy mhothx rnnoTe3, Ha KOTopbix ocHOBbiBajincb 
npe^CTaBjxeHHa o pa3Hoo6pa3HH h sbojiiouhh ceM. Trypanosomatidae (Moreira 
et al., 2004; Hamilton et al., 2007; Flegontov et al., 2013; Maslov et al., 2013; 
Lukes et al., 2014). 3to noBJieKJio 3a co6oh H3MeHeHHe B3raaaoB Ha uejibin pa# 
(JjyH^aMeHTaabHbix npoOaeM, CBa3aHHbix c noHHMaHHeM sbojhouhohhoh hcto- 
pHH TpHnaHOCOMaTH^ H, B HaCTHOCTH, B3rJia.Zl.OB Ha 3BOJ1IOUHIO HX >KH3HeHHbIX 
Uhkjiob, ueMy h OytteT nocBaiueH Ham o63op. B 3toh pa6oTe HaM uacTo npn- 
ueTca oSpamaTbca k CHCTeMe KJiacca Kinetoplastea h ceM. Trypanosomatidae b 
ocoOeHHocTH. HocjiezjHaa b HacToamee BpeMa HaxojjHTca Ha CTaunn noncKa 
KOMnpOMHCCa Meac^y TpaUHUHOHHBIM, OCHOBaHHOM Ha KOHUenUHH MOpcjjOTH- 

noB (Hoare, Wallace, 1966), h MOJieKyjiapHO-4)HJioreHeTHHecKHM (Stevens et 
al., 2001; Stevens, 2008; Maslov et al., 2013) noaxo^aMH. no Mepe bo3mo>kho- 
cth uaaee mbi OyzteM cTapaTbca npnuepa<HBaTbca KOHceHcycHbix BapnaHTOB 
CHCTeMBi hjih, ecjiH TaxoBbie OTcyTCTBVKJT, noacHaTb cneunc[)HKy cyinecTByio- 
IgHX npOTHBOpeHHH. 

3Ta cTaTba oTKpbiBaeT cep h to o63opHbix pa6oT, nocBameHHbix aHajiH3y 
pa3JIHHHBIX THnOB npeo6pa30BaHHH a<H3HeHHbIX UHKJIOB (TpaHC(|)OpMaUHH), 
npocjieacHBaKHUHxca b sbojiiouhh ceM. Trypanosomatidae. flajiee Mbi nocTapa- 
eMca noKa3aTb, hto pe3yjibTaTbi tbkhx TpaHccJjopMaunn cnocoOcTBOBajra (jjop- 
MHpoBaHHK) pa3HOo6pa3Ha rpynnbi Ha BceM npoTaa<eHHH ee sbojhouhohhoh 
HCTopHH, aBJiaacb nepBonpHHHHon SojibuiHHCTBa UHBepreHTHbix npoueccoB, 
onpeuejiaKiniHX coBpeMeHHyio HHcjjpacTpyKTypy ceM. Trypanosomatidae. no- 
CKOJibKy, Kax mbi yace OTMeuajiH paHee, coBpeMeHHbie B3rjiaubi Ha sbojhouhio 
rpynnbi b 3HauHTejibHOH CTeneHH cjjopMHpyKiTca nou BJinaHiieM pe3yjibTaTOB 
MOJieKyjiapHO-tjjHjioreHeTHiecKHx h cfmjioreHOMHbix nccjieuoBaHHH, npea<ue 
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Bcero, npoaHajin3npyeM ocoOchhocth pexoHCTpyxrmH c|)HAoreHHH b KJiacca 
Kinetoplastea. 

npH peKOHCTpyKpiiH cJjujioreHeTHnecKHx OTHOiueHHH b KJiacce Kinetoplas¬ 
tea Han6ojiee nacTo ncnoAb3yeTca yHHBepcaAbHbiii MoneKynapHtin Mapnep — 
reH Majioii cy6beAHmmbi (18S) pPHK. Ero nonynapHOCTb oObacHaeTca TeM, 
HTO OH 3BJI3eTCa MHOrOKOnHHHbIM, HMeeT CpaBHHTejIbHO 6ojlbUiyiO AAHHy 

(y KHHeTonjiacnm 6onee 2000 n. h.) h npH otom coneTaeT b ce6e Kan aoboabho 
npoTa>KeHHbie KOHcepBaTHBHbie ynacTKH, no3BOJiaiomHe ocymecTBJiaTb <f>n- 
jioreHeTHHecKHH aHanH3 Ha bbicokom TaxcoHOMnnecxoM ypOBHe, Tax h Ba- 
pnaOejibHbie (})parMeHTbi, KOTopwe ttaioT B03MoacHocTb pa3AnnaTb bhah. Ee3 
Hcnojib30BaHHa 3Toro MapKepa He o6xoahtc« npaxTHHecxn hh oaho coBpeMeHHoe 
Hcene^OBaHHe, nocBameHHoe CHCTeMaTHKe rpynnbi. IIomhmo 3Toro yHHBep- 
caabHoro Mapxepa aji« peKOHCTpyKunn (j)HnoreHHH KJiacca Kinetoplastea Tax- 
>xe Hcnonb3yioT reHbi HSP70 h HSP90 (Simpson et al., 2002, 2004; Simpson, 
Roger, 2004), a Tax>xe cjniAoreHOMHbiH aHanH3 (Deschamps et al., 2011). B Ha- 
CToamee BpeMa c npHMeHeHneM sthx MapKepOB BecbMa HaAeacHO onpeAeneHbi 
(JjHJioreHeTHHecKHe oTHomeHHa Meamy OTpaAaMH KHHeTonnacTHA (pnc. 1), Tax 
KaK c ASHHbiMH no reHy 18S pPHK, KOTOpbie coOctbchho h 6biJiH Hcnonb30Ba- 
Hbi AJia BbiAejieHH3 3 thx OTpaAOB, xopoino coraacyiOTCfl pe3ynbTaTbi c|)HAore- 
HOMHoro aHanH3a. HecMOTpa Ha HenonHoe pa3pemeHHe (jmAoreHeTHHecxnx 
OTHOuieHHH Meamy pOAaMH KHHeTonnacTHA no reHy 18S pPHK, ashhmx ao- 
CTaTOHHO AJia Toro, hto6m npocaeAHTb pacnpeAeneHne napa3HTHHecKHx c))opM 
b npeAenax axoro KJiacca. XapaxTep 3Toro pacnpeAeneHna noKa3biBaeT, hto Ta- 
KHe (J)opMbi B03HHK3J1H b KJiacce Kinetoplastea He3aBHCHMo xax MHHHMyM 
5 pa3: y TpHnaHOCOMaTHA, y npeACTaBHTeAeft poAa Azumiobodo H3 hcoSoao- 
hha, otacabho y poaob Cryptobia h Trypanoplasma H3 napa6oAOHHA h y npo- 
KHHeTonnacTHA. BeAHKa BepoamocTb, hto b riocjieAHen rpynne napa3HTH3M 
bo3hhk He3aBHCHMO y npeAKOB poAa Perkinsela , oSHTaiomen BHyTpH kactok 
aMe6, h b ahhhh acMBymero Ha noBepxHOCTH TeAa pbi6 npeACTaBHTeAeii poAa 
Ichthyobodo. K coacaAeHHio, Ha HacToaimm momcht HeT HHxaxHX CBeAOHHH o 
<J)HAoreHeTHHecKOM noAoaceHHH Jarrellia atramenti — eme oahoh napa3HTH- 
HecKoii KHHeTonAacTHAbi, oOHapyaceHHon b AbixaAe xapAHxoBoro xamaAOTa. 
Bo3moacho, OHa npeACTaBAaeT co6oh eme OAHy He3aBHCHMyio cJ)HAorpynny na- 
pa3HTHHeCKHX ACTyTHKOHOCLteB B 3TOM KAaCCe. Mop(j)OAOrHA H o6pa3 a<H3HH 
3Toro BHAa HanoMHHaiOT TaxoBbie y npeACTaBHTeAen pOAa Cryptobia. Oahako 
eme HeAaBHO k 3TOMy ace poAy othochah h TpnnaHonAa3M, KOTOpbie, xax 3to 
H 3BeCTHO B HaCTOAIItee BpeMH, HMdOT He33BHCHMOe npOHCXOA<AeHHe (pnc. 1). 

B M0AeKyA3pH0-(j)HA0reHeTHHecKHx HCCAeAOBaHHax ceM. Trypanosomati- 
dae BTopbiM no 3H3 hhmocth h nacTOTe HcnoAb30Bamia aBAaeTca reH tahko- 
comhoh rAHiiepaAbAerHA-3-(j30c(|)aTAerHAporeHa3bi (gGAPDH). Bo mhothx 
pa6oTax 3 tot Mapxep HcnoAb3yeTca coBMecTHO c reHOM 18S pPHK o6mhho b 
BHA e eAHHoro (KOHKaTeHHpoBaHHoro) Haoopa AaHHbix. 3 tot reH OAaroAapa 
3HaHHTeAbHoii H3MeHHHBocTH b TpeTbeii no3HUHH KOAOHa oSecnemiBaeT AyH- 
mee pa3pemeHHe b TepMHHaAbHbix KAaAax, t. e. BHyTpH poaob. MeacAy TeM 
oneBHAHbiM HeAOCTaTKOM, chabho yMeHbmaiomHM noAe3HOCTb ero npHMeHe- 
HHa b KanecTBe MOAexyAapHoro Mapxepa, aBAaeTca nacTo BbiaBAaeMoe ncxa- 
aceHHe (j)HAoreHHH. Tax, Ha AepeBbax, nocTpoeHHbix no reHy gGAPDH. npn 
BKAHDneHHH Bcex HCCAeAOBaHHbix npeACTaBHTeAeH poAa Herpetomonas, ash- 
Hbiii TaxcoH npeACTaBAaeT co6oh 6a3aAbHyro napa^iiAeTHHecxyio rpynny. 
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Pile. 1. KnaflorpaMMa, oToopa'/Kafomatf KoHceHcyc coiipeMenm.ix aaHin.ix o (Im.noreiieTn'iecKMX ot- 
HomeHHax KHFioTonnacTH.a. rio jjaHHMM pa3Hbix aBTopoB (Nikolaev et al., 2003; Moreira et al., 
2004; Simpson et al., 2004; Maslov et al., 2010; Deschamps et al., 2011; Hirose et al., 2012; Flegon- 
tov et al., 2013; Kostygov et al., 2014; Votypka et al., 2014; Losev et al., 2015). 

IlpHMoyroabHHKaMH o6o3HaneHbi napalm aaecKHe ((opMbi, 3Bea.aoaKOH oi MeaeHbi reTepoKceHHbie napa3HTbi. 

Fig. 1. Cladogram depicting a consensus of modern data on phylogenetic relationships of kinetoplas- 
tids. Summarized from (Nikolaev et al., 2003; Moreira et al., 2004; Simpson et al., 2004; Maslov et 
al., 2010; Deschamps et al., 2011; Hirose et al., 2012; Flegontov et al., 2013; Kostygov et al., 2014; 
Votypka et al., 2014; Losev et al., 2015). 
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TeH cnjiaiiciipyeMoro nnaepa (SL-RNA) rnnpoxo npHMeHneTcn npH onn- 
caHim hobbix BimoB TpimaHOCOMaTH^, a Tax>xe b HCcneaoBaHHnx, nocB»meH- 
hbix iix pa3HOo6pa3iiio, Tax xax 6naroaap» bmcokoh BapHaGenbHOcra OTaenb- 
hbix ero HacTefi oh aaeT B03M0>xH0CTb npomBoanTb cpaBHeHHa He Tonbxo Ha 
mokbh^obom, ho h Ha BHyTpiiBH^OBOM ypOBHe. OaHaxo cj^HnoreHeTHHecxan 
peHHOCTb 3Toro Mapxepa HeBennxa, Tax xax xoHcepBaTHBHbin ynacTOx cninn- 
XOM Man (3X30H C HHTpOHOM COCTaBnJHOT OXOJIO 100 n. H.), 3THX flaHHblX o6bIH- 
ho He xBaTaeT aa>xe ana Toro hto6m noaaepflcaTb MOHoejmnHio Toro hjih hhoid 
po^a. 

BHyTpeHHHe TpaHcxpudiipyeMbie nocneaoBaTenbHocTH pn6ocoMHoro one- 
poHa (internal transcribed sequences, ITS) aBJinioTcn CBoeo6pa3Hon anbTepHa- 
thboh npeqbinymeMy Mapxepy h nacTO Hcnonb3yiOTC» npH H3y i ieiiHH bhaob 
pOAOB Leishmania h Trypanosoma, oanaxo b nocneanee BpeM» hx CTann npn- 
MeHaTb h jpisi qpyrux ponoe TpHnaHocoMaTHa. Kax h b cnynae c reHOM 
SL-RNA, npHMeHHMOCTb ITS BecbMa orpaHHneHa b cnny bmcoxoh Bapna6enb- 
hocth. nponne Mapxepbi, Taxne xax reH 28S pPHK, xHHeTonnacTHbie mhhhxo- 
jibqa, reHbi iqiToxpoMa b h SenxoB napaxcnanbHoro TJi>xa paHee Hcnonb30Bann 
miuib b e^HHHHHbix cnynanx h Ha orpaHHneHHbix na6opax TaxcoHOB. TeHbi 
OenxoB TennoBoro moxa HSP20 h HSP70 ninpoxo npHMeHHjiHCb H3 Bcero ce- 
MeiicTBa TOJibxo pexoncTpyxqHH (j}HnoreHHH nenniMauHn. OnnoreHOMHbiH 
aHanH3 BBnay ne6onbuioro nncna cexBeHHpoBaHHbix na aaHHbrn momcht reHo- 
mob TpHnaHOCOMaTHa ao chx nop npOBoannH HenacTO h, b cymHOCTH, ero npn- 
MeHeHHe 6bino cBjnaHO c Heo6xoaHMOCTbio onpeaennTb (fjnnoreHeTHHecxoe 
nononceHHe xoHxpeTHbix BHaoB. 

TaxHM o6pa30M, nauiH npeacTaBnenna o (J)HnoreHHH xHHeTonnacTna boo6- 
m,e h TpHnanocoMaxHa b nacTHOCTH b ochobhom 6a3HpyiOTca Ha pe3ynbTarax 
HecneaoBaHHa reHa 18S pPHK h annib HeMHorne aeTann Moryr 6biTb aonon- 
Heribi nnn yTonnenbi apyrHMH aaHHbiMH. K coxanennio, BBHay yxa3anHbix 
npHHHH, He Ha Bcex (fmnorpaMMax yaaeTcn onpeaenHTb nopnaox BeTBnennn. 
B OonbLUHHCTBe cnyuaeB xoporno BbiaBnaioTcn xnaabi poaoBoro ypoBim, Bnpo- 
ueM, 3to omacTH oOnacHaeTca tcm, hto b nacToamee BpeMH hmchho Ha ocHOBe 
MonexynapHO-((jHJiore[ieTH4ecxHX aaiinux h oh ep hh Baioxcn rpainiubi poaoB 
TpHnaHocoMaTHa. WcxnioHeHHa b stom nnaHe cocTaBnnioT nnuib Te poau, xo- 
Topbie ao chx nop He noasepniHCb peBH3HH. Cpean TpnnaHocoMaTHa TaxoBbi- 
mh aBnaiOTca poati Crithidia h Leptomonas. IIocneaHHii poa Ha aamibiii mo- 
MeHT npeacTaBneH Ha (JmnoreHeTHHecxoM aepeBe TpeMn rpynnaMH. HneHbi oa- 
iioii H3 3thx rpynn HeoTaenHMbi ot BHaoB poaa Crithidia, BTOpan o6pa3yeT 
xnaay BMecTe c neiiniMaiiHaMH, a TpeTba npeacTaBneHa ruiCTOo6pa3yiomHMH 
(JjOpMaMM, XOTOpbie pOaCTBeHHbl OnaCTOXpHTHaHHM (pHC. 1). 

OTHomeHHa Mencay poaaMH TpHnaHocoMaTHa noxa onpeaeneHbi He b non- 
hoh Mepe. OaHaxo naaoxiio BbiHBnjnoTcn: 1) rpynna Leishmania + Leptomo¬ 
nas + Crithidia (noaceM. Leishmaniinae); 2) xnaaa Herpetomonas + Phytomo- 
nas; 3) xnacTep CHM6noHT-coaep>xamHX poaoB ( Angomonas, Strigomonas h 
Kentomonas); 4) HHCTooOpaayfomHe TpHnaHocoMaraabi; 5) xnaaa, npeacTaB- 
nmoman poa Trypanosoma. Ilpoxae 3 tot poa 3aHHMan 6a3anbHoe nono/xenne 
Ha (JjnnoreHeTHHecxHX cxeMax ceM. Trypanosomatidae, oaHaxo, oOHapyaceH- 
iibiii HeaaBHO /xryTHXonoceu, OTHeceHHbin x HOBOMy poay Paratrypanosoma, 
xax oxa3anocb, anBeprnpoBan ot o6in,ero CTBona TpHnaHocoMaTHa eme paHb- 
me (pnc. 1). 
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npeACTaBJieHHJI 06 3BOJIIOPHH >KH3HeHHbIX IJHKJTOB TpHnaHOCOMaTH# B 
CBoeM oo.nbimiHCTBe ocHOBbiBaiOTca Ha npurorraH KOHKpeTHOH Mope™ nponc- 
xoacpeHini 3toh yHHKaJibHon rpynnw KHHeTonjiacTHp. IlpoGneMa npoHcxo^Kpe- 
him TpunaiiocoMaTHA HeoAHOKpaTHo h BcecTopoHHe oOcyacpanacb b nHTepaTy- 
pe b «AOMOJieKyn5ipHyio» anoxy (Leger, 1904; Wallace, 1966; Hoar, 1972; Ba¬ 
ker, 1974; Woo, 1987; OponoB, 1993; Frolov, Karpov, 1995). TeopeTHnecKH 

icaic reTepoKceHHOCTb, Taic h roMOKceHHOCTb Moran 6biTb npHcyipn >KH3nenno- 
My iiHKJiy npepKa TpunaiiocoMaTH^. rnnoTe3bi amjecTpajibHOH reTepOKceHHO- 
CTH TpHnaHOCOMaTH^ CBJI3bIBajIH HX npOHCXO>KAeiIHe C ABy>KryTHKOBbIMH — 
napa3HTHHecKHMH KpunToSuHMH h/hjih TpHnaHonna3MaMH. npepcTaBHTeJiH 
3thx AByx rpynn peMOHCTpnpyioT pa3HOo6pa3He c|iopM napa3HTH3Ma, b tom 
HHcne h CTaHOBJieHHe Ha hx ochobc o6nHraTHoro reTepOKceHHoro >KH3neinioro 
u,Hioia y papa KpoBenapa3HTOB pbi6, ncnojib3yH npH stom KaK h TpHnaHOCOMbi 
pbi6 b KanecTBe nepeHocHHKOB nnuBOK (Woo, 1987; OponoB, 1993). Moperib 
nepBHHHoil reTepOKceHHocTH TpHnaHoeoM xoporno no,zmep>KHBaeTCfl cpaBHH- 
TejIbHO-MOp())OJIOrHHeCKHMH ^aHHblMH, oco6chho CXOpCTBOM CJlOaCHOH opra- 
HH3apHH phtoctomob h Ty6yjieMMbi y TpHnaHonjia3M h TpHnaHoeoM (Frolov, 
Karpov, 1995). OpHaKO MoneKyjiHpHO-cjDHJioreHeTHHecKHe paHHbie KaTeropH- 
necKH OTBepraiOT 3tot cpeHapHH, peMOHCTpHpya, hto TpHnaHOiuia3Mbi, Kpnn- 
to6hh h TpHnanocoMaTHAbi hmciot He3aBHCHMoe npoHcxo>K,peHHe (pnc. 1). 
nocKOJibKy HHKaKHX HHbix npHMepOB reTepoKceHHbix phkjtob y KHHeTonna- 
cthp HeH3BecTHO, to cnepyeT, Bcposmio, nonaraTb, hto npepoK rpHnanocoMa- 
THP 06 napan rOMOKCeHHbIM )KH3HCHHbIM UHKJIOM. OTCyTCTBHe CB 06 opHO>KHBy- 
mnx opHOKryTHKOBbix KHueTonnacTHp no3BOJweT yTBep>KAaTb, hto npepKaMH 
TpHnanocoMaTHp SbuiH jiBy>KryTHKOBbie cjjopMbi, Hbs apainanHH k napa3HTHne- 
CKOMy o6pa3y )kh3iih conpoBompaJiacb yTpaTOH peKyppenTHoro >KryTHKa h ac- 
copHHpoBaHHbix c hhm 3JieMeHTOB HHTocKeJieTa (Frolov, Karpov, 1995). B Ka- 
necTBe cbohx X03HCB npepcTaBHTejiH cOBpeMeHHoil c))ayHbi TpHnanocoMaTHp 
UIHpOKO HCnOJIb3yiOT nHHBOK, HaCeKOMbIX, n03B0H0HHbIX IKHBOTHbIX H BblCIHHe 
pac reii™. Hh pacreiiHa, hh iihhbkh He MoryT paccMaTpHBaTbca KaK aimecipajib- 
Hbie rpynnbi X03aeB TOMOKceHHbix TpHnaHOCOMaTHp, nocKOJibKy bxopht b co- 
CTBB HCKJIIOHHTejlbHO TeTepOKCeHHblX napa3HTapHbIX CHCTeM. n03B0H0HHbie 
acHBOTHbie h HacexoMbie 0Ka3biBaK)Tc», tbkhm o6pa30M, HaH6onee BepoHTHbi- 
mh npeTeHpeHTaMH Ha pojib nepBHHHbix xo3aeB TpnnaHOcoMaTHp. nocKOJibKy 
mohocJdhjihh TpHnaHOCOMaTHp, KaK y>Ke OTMenajiocb, He riopBcpraeTca comhc- 
hhk) (Flegontov et al., 2013), to ohcbmpho, hto o6a npepnoJiaraeMbix cpeHa- 
pna He motjih ocymecTBJuiTbCJi b 3BOJHOUHH paHHoro ceMeilcTBa napajmejibHo. 

OTHocHTejibHO HepaBHO b CeBepHOH AMepHKe h b EBpone H3 KiimeHHHKa 
caMOK KOMapoB popa Culex 6bijih onHcaHbi acryraKOHocitbi, Heo/KHpaHiio 3a- 
HHBuiHe Ha (|)HJioreHeTHHecKOM ppeBe TpunanocoMaTHp oasajTbiioe nojroKeiiHe 
no OTHouieHHio ko BceM ocTajibHbiM npepcTaBHTCJTHM ceMeilcTBa (Van Dyken 
et al., 2006; Flegontov et al., 2013). OneBHpHO, hto hobbih opraHH3M, nony- 
hhbuihh Ha3BaHHe Paratrypanosoma confusum Votypka and Lukes 2013 h no- 
MemeinibiH aBTopaMH b HOBoe nopceM. Paratrypanosomatinae, cymecTBeimo 
ynpoipacT 3apany poKaaaTejibCTBa hcxophoh roMOKceiiHH TpunanocoMaTirp. 
ABTOpbl C OCTOpO'/KHOCTbK), nOCKOJIbKy C3MKH KyUIlItHP OOJTHTaTHbie reMaTO- 
c()aru, npepnojiaraioT, hto P. confusum moikct 6biTb TOMOKceHHbiM napa3HTOM 
HaceKOMbix (Flegontov et al., 2013). ToMOKceHHbie TpunaHoeoMaTupbi — pac- 
npocTpaHeHHbie napa3HTbi jihhhhok pByKpbuibix HaceKOMbix (nopmmaeB, 
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1990). PaHee b JiiiTepaType onucbiBajiacb bo3mo>khocti> TpaHC())a3HOH nepe^a- 
HH TpimaHOCOMaTIIA OT JIHUIHOHHOH K HMaTHHaJlbHOH CTa^HH KOMapOB. B03- 
mwkho, P. confusum — npiiMep hmchho TaKoro po^a (Patton, 1907; floAJiHna- 
eB, cpponoB, 1999). Ecjih najibHenuiHe HccjienoBaHHa oto no^TBepAJiT, to th- 
noTe3a, npennojiaraioiHafl, hto npe^KH TpHnaHOCOMaTH# ObiJiH TOMOKceHHbiMH 
napa3HTaMH HaceKOMbix, nojiyiMT BecoMoe no^TBep'/K^eHMe. 


OBOJHOIJHfl 5KH3HEHHMX LJHKJIOB TPHIlAHOCOIVIATH/t 

TpimaHocoMaTHAbi neMOHCTpnpyiOT 6onbinoe pa3Hoo6pa3He >KH3HeHHbix 
Hhkjiob, sbojhohihi KOTopbix b 3HaHHTejibHoii CTeneHH onpenejuieT sbojhohh- 
OHHyio HCTopino rpynnbi. B ochobc hx CTaHOBJieHHH ne>KaT nponeccbi, koto- 
pbie b Han6onee o6o6ihchhom BH^e mbi nanee OyneM Ha3bmaTb TpaHccjiopMa- 

HHHMH. TpaHC(J)OpMaUHH -3TO 3BOJIIOHHOHHO 3aKpenJieHHbie (BOCnpOH3BOAH- 

Mbie) KanecTBeHHbie H3MeHeHna >KH3HeHHoro HHKjia TpHnaHOCOMaran. Hcxona 
H3 aHanH3a pa3Hoo6pa3na BbiaBJiaeMbix TpaHCifiopMaHHH, Mbi Bbi^enaeM TpH 
OCHOBHbie HX (J)OpMbi: MaKpO-, 3K30- H 3HHOTpaHC(})OpMaHHH. 

K MaKpOTpaHC(j)opMau;HaM Mbi othochm 3BOJiiOHHOHHbie npoueccbi, npHBO- 
AautHe k cTaHOBneHHio reTepoKceHHbix hjih btophhho roMOKceHHbix >kh3hch- 
HblX HHKJIOB. 3th npoueccbl CB»3aHbI JIh6o C BKJHOHeHHeM B HHKJI TOMOKCeH- 
HblX TpHnaHOCOMaTHA BTOpOrO X03»HHa H AOnOJlHHTenbHblX (J)a3 pa3BHTHH, KO- 
TOpbie b HeM peanH3yiOTca (npHMaa MaxpOTpaHC^opMapHa), jih6o c yTpaTOH 
reTepoKceHHbiM napa3HTOM onHoro H3 xo3aeB h puna (J)a3 coOctbchhoto >kh3- 
HeHHoro pHKJia, accouHHpOBaHHbix c hhm (oOpaTHan MaKpOTpaHCiJiopMaiiHa). 

3K30TpaHC(j)0pMaUHH CBH33HbI C OCBOeHHeM TpnnaHOCOMaTHAaMH HOBbIX 
xo3HeB. Hx pe3ynbTaTOM MoryT cJiy>KHTb xax BKjnoneHHe hobmx xo3aeB b hhk- 
jibi pa3BHTHH napa3HTOB, Tax h 4)opMHpoBaHHe napa3HTapHbix chctcm de novo. 

3H^0TpaHC(|)0pMaiIHH )KH3HeHHbIX HHKJIOB TpHnaHOCOMaTH#-3TO 3BOJ1IO- 

hhohho 3aKpenjieHHbie KanecTBeHHbie H3MeHeHHH (})a3 h/hjih cTajxau pa3BHTH» 
napa3HTOB b xo3HeBax othochtcjibho hx amiecTpajibHbix coctobhhh. 

B OTJIHHHe OT TpaHCtJlOpMailHH K a66epai],HHM Mbi OTHOCHM 3BOJHOHHOHHO 
HecTa6HJibHbie, nepnonHHecKH B03HHKaioiiiHe necJiopMaHHH (Jia3 pa3BHTHa Tpn- 
naHocoMaTH^t, HenocpencTBeHHo He npHBoniiiHHe k H3MeHeHino >KH3HeHHbix 
HHKJIOB. B 3TOM 0630pe Mbi paCCMOTpHM nepBblH H3 nepeHHCJieHHbIX Bbliue TH- 
nOB TpaHC())OpMaHHH )KH3HeHHbIX HHKJIOB TpHnaHOCOMBTHH. 


MAKPOTPAHCOOPMAU.HH 5KH3HEHHMX HHKJIOB TPHnAHOCOMATHfl 

B 3BOJIIOHHOHHOH HCTOpHH TpHnaHOCOMaTHH M3KpOTp3HC (JlOpMaHHH >KH3- 
HeHHblX HHKJIOB B OTJIHHHe OT HHbIX THnOB TpaHClJlOpMaHHH npOHCXOHHJlH 
KpaHHe peHKO. B peueHTHOH (JrnyHe npocJieacHBaioTca Bcero 3 npiiMepa npa- 
Mbix MaKpoTpaHCcjiopMaHHH, b pe3yjibTaTe KOTopbix npoH30uuio o6oco6jieHHe 
Tpex xpynHbix MOHOtJmjieTHiecKHX rpynnHpoBOK reTepoKceHHbix TpimaHOCO- 
m3thh, o6beHHHaeMbix b po/ibi Trypanosoma, Leishmania h Phytomonas, h 
eHHHCTBeHHbiH npHMep o6paTHOH MaKpoTpaHCtJiopMamiH b rpynne Trypanoso¬ 
ma brucei, cjiencTBHeM KOTopon CTajio o6oco6jieHiie T. ( b .) equiperdum — 
B036yHHTejiH cjiyiHOH 6ojie3HH jiouiajieH (noAcenajia hjih nypHHbi). 
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nPHMblE MAKPOTPAHCfDOPMAUMH 


Poa Phytomonas. npflMaa MaKpOTpaHCljiopMaijHa >KH3HeHHoro anicaa tomo- 
KceHHbix TpimaHocoMaTiia napa3HTOB KHuieuHoro TpaKTa KJionoB (JiHTocJiaroB, 
CB33aHHaa C BKaJOieHHeM B HX LIHKJI BTOpOrO X03HHH3 (BblCUIHe paCTeHHfl) H 
3aKpenjieHneM ooanraTHoM reTepoKceHHoern y napa3HTOB m poaa Phytomo¬ 
nas HaxoflHT noaTBepacaeHne b 6ojibuiHHCTBe coBpeMeHHbix HccaeaoBaHHH. 
Ha pa3JinHHbix MOJieKyjiapHO-(|)HJioreHeTHHecKHx cxeMax Kaacrep, o6beaHiia- 
ioiuiih 3THX TpimaHOCoMaTHA, pacnonaraeTca BHyTpn napatJmaeTHHecKOH 
rpynmipoBKH roMoicceHHbix TpnnaHocoMaTHa H3 nacexoMbix (aaaee FTH) 
(pHC. 1), h ero moiiocJjujihh noziTBep'/KAaeTCH ceftaac KOMnaeiccoM pa3Hoo6pa3- 
hmx aamibix: reHOMHbix, MoaeKyaapno-cjiHaoreneTHHecKHX, 6hoxhmhhcckhx, 
MopcfioaorHaecKHx 11 aKoaornaecKHX (Dollet, 1984, 2001; Camargo, 1999; Ko- 
reny et al., 2012; Porcel et al., 2014). OaHaico, Hapaay c eanHCTBOM nponcxoac- 
aemia (JjiiTOMOHacoB, Miiorne ^aHHbie aeMOHCTpnpyiOT BMecTe c TeM h 3Hann- 
TenbHyio reTeporeHHOCTb rpynnbi (Sturm et al., 2007; Dollet et al., 2012). fljia 
c|DHTOMOHacoB xapaKTepHa npHypoaeHHocTb k onpeaeaemibiM rpynnaM pacTe- 
hhh xo3aeB. no 3TOMy npHHtiHny paHee Bbiaeaaan (Camargo, 1999): (J)no3M- 
hmx (juiTOMOHacoB (Phloemicola), aaTeKCHbix (Lacticola) h naoaoBbix (Fructi- 
cola). (I)jio3MHbie ifjHTOMOHacbi napa3HTHpyioT raaBHbiM o6pa30M b naabMax h 
KO(|)eHHbix aepeBbax b K)>khoh AMepnice h MoryT 6biTb oraecenbi k ocTpo na- 
ToreHHOH rpynne oprariH3MOB. Pa3an4Hbie tjiopMbi nanbMOBbix h ko- 

4)eftHbix KyabTyp, Bbi3biBaeMbie 3thmh TpnnaHOCOMaTHaaMH, TaiDKe KaK h hx 
3KOHOMHuecKHe nocaeacTBna noapo6HO onncanbi b aHTepaType (Dollet, 1984, 
1991). JlaTeKCHbie ((mTOMOHacbi pacnpocTpanenbi BcecBerao. Ohh oGnTaioT b 
MaeaHOM coxe umpoicoro Kpyra xo3aeB (Euphorbiaceae, Asclepiadaceae, Apo- 
cyanaceae, Moraceae, Sapotaceae h Cecropiaceae) h othocatcs k ycaoBiio-na- 
ToreHHoil rpynne (|)HTonapa3HTOB. XoTa HMeiOTca OTaeabiibie CBeaenna o npn- 
aacTHOCTH 3 thx acryraKOHOcneB k 3a6oaeBaHnaM HexoTopbix MoaoaanHbix 
pacTeHHH (naupuMep, Mannoxa), 3KcnepnMeHTaabnoro noaTBepacaemia ohh 
He HMeiOT (Camargo, 1999). naoaoBbie (JiHTOMOHacbi TaioKe pacnpocTpaHeHbi 
BCeCBeTHO, HO HX OTHOUieHHa C paCTeHHaMH-X03aeB3MH npaKTHHeCKH He H3y- 
aeiibi. MoaeKyaapno-tjDHaoreHeTHaecKHe HccaeaoBanna nocaeaimx aeT noKa- 
3biBaK)T, hto cyOcTpyKTypa poaa Phytomonas ropa3ao 6oaee caoacHaa, aeM 
mtokho 6biao noaaraTb, ncxoaa H3 nepeaHa rpynnnpoBOK npeaaoaceHHbix Ka- 
Mapry (Camargo, 1999). Tax, aHaaH3 BHyTpeHHHx TpaHCKpuOnpyeMbix nocae- 
aoBaxeabiiocTeH reHOB pnoocoMiioro onepoHa y 20 H3oaaTOB H3 poaa Phyto¬ 
monas noKa3aa cymecTBOBaHne 8 — 10 caMocToaTeabHbix hhhhh ToabKO b aan- 
HOH BblOopKe (fjHTOMOHOCOB. HpH 3TOM O^HH KaaCTepbl MOryT BKaiOHaTb 
acryTHKOHOcneB H3 pa3Hbix TpocJmaecKHX rpynn, HanpHMep aaTexcHbix h nao- 
flOBbix, a b apyrnx cayaaax paaananbie KaacTepbi npeacTaBaeiibi H3oaaT3MH H3 
o^hoh t3koh rpynnbi, ho BbiaeaeHHbiMH b pa3Hbix reorpacJaiaecKH yaaaeHHbix 
ToaKax (Dollet et al., 2012). OKcnepHMeHTaabHo noaTBepacaeHo, hto nepe- 
HocaHKaMH (jiHTOMOHacoB aBnaiOTca Kaonbi-^HTO^arH (Louise, et al., 1986; 
Jankevicius et al., 1989, 1993; Freymuller et al., 1990). npn 3tom a6coaiOTHoe 
SoabuiHHCTBO iiOTeHunaabUbix nepeHOCUHKOB npiiypoaeHbi k 3 ceMeilcTBaM 
Heteroptera (Camargo, 1999): Coreidae, Pentatomidae h Lygaeidae. C npeacTa- 
BHTeaaMH oanoro H3 hhx, Bepoarao, h caeayeT CBa3biBaTb npoHCxoacaeHHe 
poaa Phytomonas. HaBecTiio, 4to KJioiibi-c)iMTOcjiarn, ncnoab3yioiHHe mnpoKHH 
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cneKTp KopMOBbix pacTeraiH, HMeiOT co6cTBeHHyK» ooraiyfo cJiayHy roMOKceH- 
hbix TpiinaHOCoMaTii^, (noaniinaeB, 1990). Hx >KH3HeHHbie uhkjibi ^eMOHCTpH- 
pyiOT TiiimHiiyw 3thx napa3HTOB CTpyKTypy, BKJiiOHaiomyio c})a3y 3Hflo- 
reHHoii araoMepaumi b cpe^Hiix oxnenax immeBapHTeubHoii CHCTeMbi xo3JiHHa 
h (J)a3y (JjopMiipOBaHim paccenHTejibHbix CTa^HH b ee 3a^HHx OTflenax. 3apa>Ke- 
HHe npH 3TOM npOHCXO^HT L iepe3 CySCTpaT, KOHTaMHHHpOBaHHblH 3KCKpeMeH- 
TBMH 3apa)KeHHbIX KJIOnOB. Oa3bI IJHKJia pa3BHTHfl (})HTOMOHaCOB B X03HHIie 
npocTpaHCTBeHHO pa3o6meHbi. JKryTHKOHOCiibi pa3MHO>KaK)Tcn b KHmeuHHKe, 
OTKy^a uepe3 reMOJiiiMcJiy npOHHKaiOT b cniOHHbie acene3bi HaceKOMbix, r^e 
TaiGKe nenirrcH, (JjopMiipys CTa^HH, cnoco6nbie npH nuTaHHH xoaaeB co cmo- 
hoh nona^aTb b TKaHH pacTeHHH (Jankevicius et al., 1989, 1993; Freymuller 
et al., 1990). B nocne^yiomeM mbi noKaaceM, hto b iiHKJiax TTH He Tax yac pea- 
kh h aOeppauHH, CBinaHHbie c HHBa3Heil pa3HHHHbix BHyTpeHHHx opraHOB Ha- 
CeKOMblX, B TOM HHCJie II HX CJHOHHbIX >KeJie3, OflliaKO MaR'pOTpaHCC|)OpMaHHH 
«(j)HTOMOHacHoro» Tima b 3bojhouhohhoh HCTOpHH rpynnbi CTana ynHKanb- 
hbim coSbiTHeM, o ieM CBH/ieTejibCTByeT mohocJjhjihh po,zia Phytomonas. 

Tpynna po^OB Leishmania h Endotrypanum (flanee JI3). B rpynnnpoBKy 
JI3 bxoast reTepOKceHHbie TpnnaHOCOMaTHZ],bi, >KH3nennbie HHKHbi KOTopbix 
BKJHOHaiOT aeyx X03»eB: n03B0H0HHbIX >KHBOTHbIX h mockhtob (no,zjceM. Phle- 

botominae). B HacToamee BpeMa h3bcctho okojio 30 bh^ob JieHHiMaHHH h 6o- 
nee 20 H3 hhx cnocoSHbi 3apa>KaTb uenoBeKa (Shaw, 1994; Croan et al., 1997). 

B n03B0H0HHbIX >KHBOTHbIX 3TH TpHnaHOCOMaTHflbl pa3BHBaiOTCH KaK BHyTpH- 
KJieTOHHbie napa3HTbi Ha CTa/inn aMacraroTbi (jieHuiMaHHH) huh 3hh- / Tpnno- 
MacTHroxbi (aHAOTpHnaHyMbi), a b KHiueHHHKe nepenocHHKOB KaK npoMacTH- 
roTbi. Ha pa3JiHHHbix (JmjioreHeTHHecKHX cxeMax MOHOijiHiieTHHecKHH KJiaciep, 
o 6 bettHHHK»mHH JI3, no 3 HUHOHHpyeTca cpettH OojibmoH rpyrmbi TTH (pnc. 1). 
Ha 18S pPHK cfjHJioreHHax 3 Ta ycTOHHHBaa rpynnHpoBKa uacTo o 6 o 3 HauaeT- 
ca aOOpeBHaTypoil «SE» (Slowly Evolving) — Kiia^a «MeanenHO sbojhoh- 
pyiomHx» nocne^oBaTejibHOCTeH phOocomhmx PHK-renoB, KOTopon He^aBHO 
6 bin npHCBoeH TaKCOHOMHuecKHH CTaTyc no,aceM. Leishmaniinae (Jirku et al., 
2012). OnjioreHHH JI3 (pnc. 1, 2) yKa3biBaeT Ha to, hto npe^KOM JieHuiMaHHH 
h 3H^,OTpHnaHyMOB 6 biJi npencTaBHTenb TTH, npaMaa MaKpOTpaHC(j)opMaHHfl 
>KH3HeHHoro HHKJia KOToporo obina CBHsana c ocBoeHHeM hoboh rpynnbi xo3a- 
eB no3BOHOiHbix >KHBOTHbix. TaKCOHOMHa JieHuiMaHHH npeTepnena 3a no- 
cneaHne ro^bi 3 HauHTejibHbie H 3 MeHeHHa (CatJibaHOBa, 1982; Lainson, Shaw, 
1987; Croan et al., 1997; Cupolillo et al., 2000). npoiiecc ee eoBepmeHCTBOBa- 
hh» npoflOJiacaeTCfl, xot» h b ycnoBnax omyTHMoro fle(j)HHHTa 3HaHHH 06 hc- 
thhhom pa 3 HOo 6 pa 3 HH rpynnbi (Fraga et al., 2010; Jirku et al., 2012; Schonian 
et al., 2013; Marcili et al., 2014). KaK y>Ke OTMeuanocb Bbirne, rpynnupoBKy 
po^OB Leishmania + Endotrypanum npennaraeTcn paccMaTpimaTb b cocTaBe 
no^ceM. Leishmanninae (Jirku et al., 2012). CoBepmeHHO onpaB^aHHbiM Ha 
naHHbiii MOMeHT BbirnanuT paaneneHne J13 Ha 2 cerium: Euleishmania h Para- 
leishmania (pnc. 2), ocHOBaHHoe Ha aHanH3e MHorouncJieHHbix OnoxHMHHe- 
ckhx h MOJieKyjiapHo-cjiHJioreHeTHHecKHx aaHHbix (Cupolillo et al., 2000; Fraga 
et al., 2010). CeKuna Euleishmania BKjnouaeT b cboh cocTaB 3 noapo^a: Leish¬ 
mania, Sauroleishmania h Viannia. JleHHiMaHmi nottpotta Leishmania xapaK- 
Tepn3yiOTC5i BceTponnuecKHM pacnpocTpaHeHHeM, napa3HTiipoBaHHeM b pa3- 
jihhhbix MJieKonHTaiomHX, BKJHOuaa uenoBeKa, hx nepeHOCHiiKaMii cny>KaT 
MOCKHTbi H3 po^OB Phlebotomus (b CrapoM CBeTe) h Lutzomyia (b Hobom). 
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Phc. 2. Kna/iorpaMMa, oToOpaacaiomafl KOHcencyc coBpeMeHnwx namibix o (JmnoreHnn pona Leish¬ 
mania. Flo aanHbiM pa3Hbix aBiopOB (Croan et a!., 1997; Asato et al., 2009; Fraga et al., 2013; Marci- 

li et al., 2014). 

Fig. 2. Cladogram depicting a consensus of modem data on phylogeny of the genus Leishmania. 
Summarized from (Croan et al., 1997; Asato et al., 2009; Fraga et al., 2013; Marcili et al., 2014). 


JleitiiiMaHHH noapoaa Viannia TatoKe napa3HTHpyiOT b MJieKonHTaiomHx, oztHa- 
ko hx pacnpocTpaHeHne orpaHnneHO HeoTponHKaMH, a nepeHoenmeaMH cay- 
>KaT HCKJitoHHTeJibHO MOCKHTbi poaa Lutzomyia. HaKOHeif, aeninMaHini rioa- 
poa,a Sauroleishmania — oOanraTHbie KpoBenapa3tm>i penmani! (ainepnu,) b 
CTapoM CBeTe. Hx nepeHOcanKH — mockhtm H3 poaa Sergentomia. B nepe- 
HOCHHKax Sauroleishmania (jjopMHpytor HHBa3HOHHbie CTaaim b 3aaHnx oT^e- 
aax Knme L iHHKa xo3aeB, a Leishmania — b nepeanux. MeTantnamnecKHe cTa- 
a,nn aenniMaHnn Viannia o6pa3yK)TC» b 3aaHnx OTaeaax KmnenHHKa mockh- 
TOB, OflHaKO 3aTeM OHH MHrpHpytOT B nepea,HK)K) KHIUKy K raOTOHHOMy 

KJianaHy (CatjtbaHOBa, 1982; Lainson, Shaw, 1987). cPnaoreHeTHnecKne nccae- 
AOBaHHH (pnc. 2) noa,TBep>Ka,aiOT MOHOtjmamo xaacaoro H3 Tpex noapoaoB 
ayaenniMaHnn, npn 3tom Viannia hch3mchho 3aHHMaeT 6a3aabHoe noaoaceHne 
no OTHomeHHEO k Leishmania n Sauroleishmania (Fraga et al., 2010; Schonian 
et al., 2013). 

Cao/KHee o6ctoht a,eao c TaKCOHOMnen Paraleishmania. Homhmo reiepo- 
reHHon rpynnti naoaaTOB «Endotrypanum» b 3Ty ceKifino BxoanT pan BiiaoB 
aenmMaHHH, H3oanpoBaHHbix b pa3Hoe BpeMa b KyabTypbi H3 KpoBH Tponn- 
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necKHx MJieKonuTaiomHx: aemiBneB, 6poHeHocneB, nHKo6pa30B h 6eaHHbHx, a 
TaK>Ke H3 hx nepenocHMKOB. npencTaBHTean pona Endotrypanum onncaiibi m 
IO>KHoaMepnKaHCKHX /jpeBecHbix aeHHBneB. npennoaaraeTca, hto hx nepe- 
HOCHHKaMH cayacaT mockhtbi pona Lutzomyia. CaenyeT, onnak'o, OTMeTHTt, 
hto Bee HCcaenoBamni 3H,n,OTpHnaHyMOB BbinoaHeHbi tojibko Ha hx aaSopaTOp- 
hbix KyabTypax. B opnrHHajibHbix onncannax nsyx bh^ob 3thx opraHH3MOB 
E. schaudinni h E. monterogeii npHBonaTca namibie o BHyTpHapHTponHTapHbix 
CTa^HHx hx pa3BHTi«i b KpoBH aeHHBneB (Mesnil, Brimont, 1908; Shaw, 1969). 
ripn 3tom y E. schaudinni BHyTpH apHTponHTOB o6napyacenbi TpHnoMacTHro- 
tbi, ay£ monterogeii anuMacTHroTbi. HeTHnnanaa j\j\n Bcex H3BecTHbix TpH- 
naHocoMaTH^ aoKaaH3anH» (BHyTpH apHTpopHTOB) h naanane neTHnnHiibix 
nna aenuiMaHKH ann- h TpHnoMacTHTOTHbix CTa^HH pa3BHTHa b no3BOHOHHOM 
xo3HHHe CTaBHT non coMHeHHe «aeHHiMaHHajibHyio npnpony» annoTpMnaiiy- 
mob. B npoiimoM stot (|)aKT naace nocayacna ocHOBaHHeM naa BKaKaienna En¬ 
dotrypanum b CTaTyce nonpona b pon Trypanosoma (Hoare, 1964). B KyabType 
SH^OTpHnaHyMbi aerao nonnepacHBaiOTca Ha crannapTHbix cpenax. 0/niaKO 3K- 
cnepHMeHTaabHoe 3apaaceHHe sthmh KyabTypaMH aeHHBneB He npHBonnT k no- 
SBaeHHK) B nepH(j)epHHeCKOH KpOBH n03B0H0HH0T0 X03HHIia XapaKTepHbIX RJIfL 
SH^OTpHnaHyMOB BHyTpH3pHTpou;HTapHbix CTaflHH pa3BHTHH (Momen, Cupolil- 
lo, 2000). TaKHM o6pa30M, BecbMa BepoaTHo, hto opranH3Mbi, onncaHHbie H3 
apHTpouHTOB aeHHBneB, h opraHH3Mbi, Bbi^eaaeMbie b KyabTypy H3 KpoBH no- 
3BOHOHHbix h 6ecno3BOHOHHbix xo3HeB Endotrypanum, othochtch k paaana- 
hbim rpynnaM rpHnaHOCOMaTHn (Cupolillo et al., 2000; Momen, Cupolillo, 
2000). Ha c))HaoreHeTHHecKHx cxeMax napaaeiimMaHHH 3aHHMaiOT 6a3aabnoe 
noao>KeHHe no OTHomeHHio ko bccm ocxaabHbiM npencxaBHrenaM pona 
(pHC. 2). 

Kax caenyeT H3 npHBeneHHbix Bbmie namibix, 6oabmHHCTBo npencxaBHTe- 
aeft JI3, Kax h hx nepenocHHKH, xapaKTepH3yiOTCH BbipaacemioH reorpa(J)HHe- 
ckoh npHyponeHHOCTbio (Croan et al., 1997; Fraga et al., 2010). 3th (Jortm, a 
TaK>Ke aamibie naaeoiiToaoxHaecKOH aeTonncn xo3aeB aeHiUMaHHH (Hennig, 
1972; JlyKameBHH, Moctobckhh, 2003; Poinar, 2004, 2008a), Hapany c coBep- 
nieHCTByiomeHCH (JwaoreHHeH rpynnbi (Croan et al., 1997; Philippe 1998; Sim¬ 
pson et al., 2006; Fraga et al., 2010; Schonian et al., 2013), cTaan ochoboh jxjih 
MHoroHHcaeHHbix (j)Haoreorpa(J)HHecKHX HccaenoBaHHH. K HacTOBmeMy Bpe- 
MeHH C(J)OpMyaHpoBaHbi nBe ocHOBHbie rHnoTe3bi nponcxoacneHHa JieiimMa- 
hhh: «naaeoTponHHecKaH» (Kerr, 2000) h «HeoTponHaecKaa» (Noyes et al., 
2000). nepBaa npennoaaraeT, hto MaKpoxpaHC(J)opMau,Ha acH3HeHHoro niiKaa 
npenica aeniHMaHHH (roMOKceHHoro napa3HTa mockhtob) npoH3omaa b Meao- 
bom nepno^e h 6biaa CBH33Ha c BKaioaeHHeM b u,HKa hx pa3BHTH» penTHaHH. 
B naaeoneHe b acH3HeHHbiH nHKa aeHiUMaHHH OKa3aancb BOBaeaeHbi MaeKonn- 
TaiomHe (BepoHTHee Bcero, rpbnyHbi). B TeaeHHe 3ou,eHa aepe3 BepHHrmo 
rpbi3yHbi h mockhtbi 3aHecaH aeHHiMaHHH Ha AMepuKaHCKnil KOHTHHeHT. Co6- 
CTBeHHO HeoTponnaecKaa (])ayHa aeHiUMaHHH, coraacHO KOHnennim aBTOpoB, 
cc|)opMHpoBaaacb yace b nanoneHe h 6biaa CBa3aHa c ocBoeHiieM anneMHHHbix 
rpynn xo3aeB Kax no3BOHOHHbix, Tax h 6ecno3BOHOHHbix (Kerr, 2000; 2006). 
«HeoTponHHecKaa» rHnoTe3a npeanoaaraeT 6oaee no3nHK)K) MaKpOTpaHC(j)op- 
Mannio >KH3HeHHoro UHKaa roMOKceHHoro npenxa aeHiUMaHHH. OHa nponcxo- 
^naa, no mhchhio aBTopoB, b naaeoneHe Ha IO>KHoaMepHKaHCKOM KOHTHHeHTe 
h cooTBeTCTBeHHO xapaKTepH30Baaacb npoTHBonoaoacHbiivi BeKTopoM HHTpo- 
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pyKimn JieniiiMaHHH — nepe3 HeapKTHKy b EBpa3Hio h A(]ipHKy yace b Mnope- 
He (Noyes et al., 2000). OpHaxo hh Ta, hh ppyraa rnnoTe3bi He MoryT paTb ot- 
BeT Ha Bonpoc: KaKofi hmchho rpynne TTH neHinMaHHH o6a3aHbi cbohm npo- 
HcxoacpemieM? CoBpeMeHHbie npepcTaBHTean ceM. Psychodidae, h b tom 
micae, nopceM. Phlebotominae He HMeiOT coScTBeHHbix roMOKceHHbix Tpnna- 
HoeoMaTHp. BnponeM, BecbMa BepoaTHO, hto npepox neHinMaHHH mot 6biTb 
napa3HTOM npepcTaBHTenen KaKoS-jinSo H3 SeccnepHo HCHesHyBiHHx rpynn 
3thx HaceKOMbix. YniiTbiBaa B03pacT HaxopoK KpoBococymnx mockhtob b paH- 
HeMenoBOM arnape 113 JliiBaHa h EnpMbi (100—120 mjih. neT) (Hennig, 1972; 
Azar et al., 1999; Poinar, 2004) h erne 6onee paHHHe HaxopKH ppeBHnx npep- 
CTaBHTeaen ceM. Psychodidae (no oraenaTKaM KpbiJibeB) H3 HnaoieiopCKHX ot- 
noncemiH Ha ceBepo-BOCTOKe FepMamm (~ 180 mjih. aeT) (Ansorge, 1994), Ta- 
Koe npepnonoaceHHe He KaaceTca HeBepoaTHbiM. HepaBHne onncaHna Paleole- 
ishmania proterus H3 paHHeMeaoBbix aHTapHbix HHKnio3HH hx xo3aeB (Poinar, 
Poinar, 2004; Poinar, 2014), b caynae ecan 6ypeT Happen cnoco6 Bepn<|)HKa- 
pnn 3thx aaHHbix, (JjaKTHHecKM HapensiOT aenmMaHHH CTaTyeoM ophoh H3 
ppeBHenuiHX rpynn TpHnaHocoMaTpp. 

Pop Trypanosoma. CaMaa 3HannTeabHaa no nncay onncaHHbix bhpob (Hoa- 
re, 1972; IlopannaeB, 1990; Hamilton et al., 2004; Flegontov et al., 2013) n, 6e- 
3ycaoBHO, opHa H3 caMbix ycneuiHbix rpynn napa3HTHnecKHX syKapnorabix 
MHKpoopraHH3MOB. 06napa» reTepoKceHHbiM n<H3HeHHbiM pnKnoM, b xope 
CBoen aBoaiouHOHHon HCTopnn TpHnaHOCOMbi ocBonan npepcTaBHTeaeH Bcex 
KaaccoB no3BOHOHHbix acHBorabix n MHornx rpynn KpoBoeocynmx 6ecno- 
3BOHOHHbix (nnaBOK, Kaemen h HaceKOMbix) Ha Bcex KOHTHHeHTax n bo Bcex 
crannax, rpe oOmaiOT hx xo3aeBa. nocae BKaroaenna b (|)HaoreHeTnaecKne 
cxeMbi Paratrypanosoma confusum MOHOijmaHJo popa Trypanosoma mopcho 
cHHTaTb poKa3aHHon (Flegontov et al., 2013; Lukes et al., 2014). Xotb eme He- 
paBHO Bonpoc o bo3mo>khoh napa(j)naHH 3toh rpynnbi aKTHBHO o6cyacpaaca b 
aHTepaType (Gomez et al, 1991; Fernandes et al., 1993; Maslov et al., 1996; 
Hughes, Piontkivska, 2003a, b; Hamilton et al., 2004). Ecan P. confusum pen- 
CTBHTeabHO roMOKceHHWH napa3HT HaceKOMbix (Flegontov et al., 2013), to 
B03HHKHOBeHHe popa Tiypanosoma caepyeT npH3HaTb pe3yabTaTOM npnMOH 
MaKpoTpaHC(j)opMaHHH acH3HeHHoro pHKaa hx FTH npepxa. Ceimac 3Ta rnno- 
Te3a KaaceTca HanSonee npaBponopoGHoii (Flegontov et al., 2013; Lukes et al., 
2014). Bo-nepBbix, cxopHbin THn MaKpoTpaHCcJiopMapHH, Kax Mbi noKa3ann 
Bbiine, peaan3yeTca b 3BoniopHOHHOH hctophh TTH eme KaK MHHHMyM ophh 
pa3 — y aenmMaHHH. Bo-BTopbix, aabTepHaTHBHaa rnnoTe3a (ncxopHaa reTe- 
poKceHHOCTb Paratiypanosomo-nojio6Hux npepKOB rpynnnpOBKH Trypanoso¬ 
ma + ETH) npepnoaaraaa 6bi ponymeHHe oSparaoH m a k poTpa h cc]iop m an h n 
acH3HeHHoro nuraa y reTepoKceHHbix TpnnaHocoMaTHp, CB»3aHHOH c yrpaTOH 
HMH n03BOHOHHOrO X03flHHa. Meacpy TeM npHMepOB T3KHX TpaHC())OpMaU,HH po 
chx nop He HanpeHO hh cpepn TpnnaHOCOM, hh cpepn aenmMaHHH, xotb o6e 
rpynnbi HaXOPHTCfl B aKTHBHOM 3BOniOPHOHHOM COCTOBHHH, CBB3aHHOM C OCBO- 
eHHeM HOBbIX X035ieB H HOBbIX (jlOpM peaaH3aHHH CBOHX >KH3HeHHbIX HHKaOB 

(Hamilton et al., 2007; Lukes et al., 2014). H HaKOHep, rimoTe3a, ponycKaio- 
maa B03MoacHocTb Toro, hto npepKH popa Trypanosoma Moran 6biTb tomo- 
KceHHbiMH napa3HTaMH no3BOHOHHbix acHBOTHbix, TaKiKe He HMeeT nop co6oh 
bhphmmx ocHOBaHHH. B 3tom cnyaae TpnnaHOCOMbi ponambi 6bian 6bi 33hh- 
MaTb 6a3aabHyio no OTHomeHHio ko BceM ocTaabHbiM TpimaHocoMaTiipaM no- 
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3imnio Ha (J)iuioreHeTHHecKOM ppeBe KHHeTonnacTHfl, a stoto, KaK mbi bh^hm 
( pile. 1), He npOHCXOAIIT. 

Bot yace MHorne toabi CHCTeMaTHKa popa Trypanosoma npe6biBaeT b Kpad- 
He npoTHBopeniiBOM cocToaHim. flo chx nop o6menpHHaTOH CHHTaeTca cncTe- 
Ma, npefljio>KeHHaa b cepepiiHe npomnoro CTOJieTHa C. ToapOM jyjm TpnnaHo- 
com — KpoBenapa3HTOB MjieKonnTaiomHX (Hoare, 1964,1972). OHa onnpaeTca 
Ha MopcJjojioniHecKne npH3HaKH myraKOHOcpeB, KOTOpbie pocTynHBi AJia H3y- 
nemia b CBeTOBOM MHKpocKone, a TaioKe oco6chhocth hx 5kh3hchhbix phkjiob. 
B COOTBeTCTBHH C 3THMII KpHTepHHMH TOap paCnpe^eHHH TpnnaHOCOM MJieKO- 
mxraioimix Meatfly ceKipiaMH Stercoraria h Salivaria. B nepByio oh noMecran 

3 noflpopa TpnnaHOCOM: Megatrypanum, Herpetosoma h Schizotrypanum, pa3- 
BHrae KOTOpBix b nepeHOCHHKax 3aBepmaeTca (JiopMHpoBaHHeM hh^ckthbhbix 
CTaAHH b 3aflHHx oTflejiax KHuieHHHKa HacexoMBix. B ceKpmo Salivaria bolujih 

4 noflpopa TpnnaHOCOM: Duttonella, Nannomonas, Pycnomonas h Trypanozoon 
H3 MneKonuTaiomux, nepepana kotopbix nepeHOCHHKaMH nponcxoflHT hho- 
KyjMTIIBHBIM nyTCM C (J)OpMHpOBaHHeM HH(J)eKTHBHBIX CTaflHH napa3HTOB B 
nepeflmix oTflenax KiimeHHHKa hjih b cjhohhbix acene3ax naceKOMBix. KpoMe 
Toro, Toap BBi^ejiHJi noflpofl Trypanosoma, b KOTOpBiii noMecTHJi ranoBOH bur 
popa T. rotatorium (Mayer) Gruby, 1843, aBjiaiomHHca KpOBenapa3HTOM 6ec- 
xboctbix aM(j)H6HH (Hoare, 1972). OneBHflHo, h sto oco6o noflHepKHBan caM 
Toap (Hoare, 1964), 3a paMKaMH flaHHoii cncTeMBi ocTaBanHCB TpHnaHocoMBi, 
napa3HTHpyK)uiHe b KpOBH pBi6, penTHJiHH h n™p. Toap npepnojiaraji, hto ero 
nocjie/ioBa rejiH, onnpaacB Ha pa3pa6oTaHHBie hm npHHpnnBi, cMoryT peBH30- 
b3tb 3th rpynnBi. OflHaKO 3Toro He npoH30uuio. HccfleflOBaTenn b 6ojibiiihhct- 
Be cjiynaeB npeflnoHurajin o6xoflHTBca poflOBBiM Ha3BaHHeM Trypanosoma. 
3to npnBejio k TOMy, hto (jiopMajiBHO noflpofl Trypanosoma cxaji BKjuonaTB b 
ce6a Bcex TpHnaHocoM, ho3bohohhbimh xo3aeBaMH kotopbix He hbjhhotch 
MJieKonnTaiomHe. Meatfly TeM yate nepBBie (JmjioreHeTHHecKHe nccjieflOBaHna 
noKa3ajin KpaHHioio HeoflHopoflHocTB HMeHHO 3toh rpynnHpoBKH TpnnaHoco- 
MaTHp, HH(j)pacxpyKxypa kotopoh k TOMy ate He yKJiaflBiBajiacB b ToapoBcxne 
npHHpHnBi BBipejieHna noppoflOB (pnc. 3). Tax, HanpHMep, paHO noaBHBiuaaca 
Ha (JiHJioreHeTHHecKHX cxeMax pofla Trypanosoma ycTOHHHBaa «BOflHaa KJia- 
fla» (Aquatic clade) oOBeflHHHJia TpnnaHOCOM pBi6 h aMtjmbHH, Trypanosoma 
chelodina H3 aBCTpajiHHCKnx nepenax, Trypanosoma binneyi H3 yTKOHoca Or- 
nithorhynchus anatinus u T. therezieni H3 MaparacKapcKoro xaMeneoHa Cha- 
maeleo brevicornis (Maslov et al., 1996; Lukes et al., 1997; Haag et al., 1998; 
Jakes et al., 2001). HanpoTHB, rpynnnpoBKa «hthhbhx» TpnnaHOCOM oxa3a- 
jiacB nojiH(jiHJieTHHecKOH (Votypka et al., 2004; Zidkova et al., 2012). Pe3ynB- 
TaTBi MHoroHHCJieHHBix HCCJiepoBaHHH (JiHjioreHMH TpnnaHOCOM nocnepHero 
peCHTHJieTHH n03BOJIHKDT TOBOpHTB O CyiUeCTBOBaHHH npHMepHO 10 (pHC. 3) 
KpynHBix MOHO(|)HJieTH L iecKHX KJiacTepoB b npepeaax popa Trypanosoma 
(Simpson et al., 2006; Hamilton et al., 2007; Stevens, 2008). Hm npHCBoeHBi 
cneuHijiHHecKHe, HeTaxcoHOMHuecKHe Ha3BaHna. Homhmo «Aquatic clade», ko- 
Topyio mbi yate ynoMHHajiH, o6bihho BBiflenaioT TaKiie KaK «T. brucei clade», 
«T. cruzi clade», «Rodent clade», «Avian clade», «Lizard clade» h t. fl. Bojib- 

mHHCTBO H3 3THX KJiafl He MOiyT 6BITB COOTHeceHBI C KaKHMH-Jlll6o TaKCOHO- 
MHHeCKHMH Ha3BaHHHMH. TaKHM o6pa30M, CJieflyeT npII3HaTB, HTO eflHHOH TaK- 
coHOMHnecKOH chctcmbi, npepcTaBJiaiomeH coBpeMeHHoe pa3HOo6pa3iie popa 
Trypanosoma, b HacToaipee BpeMa He cyuiecTByeT. B cmiy 31010 Heii36eatHOH 
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Phc. 3. Kna^orpaMMa, OToSpaxcaiomaa KOHCCHcyc cOBpeMeHHbix aaHHbix o (JiHuoreHHH poaa Trypa¬ 
nosoma. no flaHHbiM pa3Hbix aBTopoB (Hamilton et al. 2007; Stevens, 2008). 

Fig. 3. Cladogram depicting a consensus of modern data on phylogeny of the genus Trypanosoma. 
Summarized from (Hamilton et al., 2007; Stevens. 2008). 


OKa3biBaeTCJi Heo6xoAHMOCTb HcnoJib30BaHHH Ha3BaHHH (J)HJioreneTHHecKHX 
rpynn ripn aHajiroe KomcpeTHbix BHyTpHpoAOBbix KaTeropHH TpHnaHOCOM. 
H HaM b cBoeii pa6oie 3Toro Taicace He ynacTca rodeacaTb. Bbirne Mbi y6e^H- 
HHCb b tom, hto po/t Trypanosoma hbjihctcb MOHO<j)HJieTHHecKOH rpynnoH. Mbi 
npHHHJiH 3a ocHOBy ranoTe3y, comacuo KOTopoft ero npoHCxo/K^ciioe o6y- 
cnoBJiHBaeTCH npaMOH MaKpoTpaHC<J)opMai],HeH >KH3Heiiiioro LtHKJia tomokcch- 
HblX TpHnaHOCOMaTHTf H3 HaceKOMbIX. 

06paTHMC?i eipe pa3 k (JwjioreHHH po^a (pnc. 3). Ohcbiiaho, hto oahh h3 
nepBbix OTBepreHTHbix npoueccoB b 3bojik>uhohhoh hctophh TpHnaHOCOM 
6bui cBH3aH c o6oco6jieHHeM rpynn acryTHKOHocpeB, naBiunx Hanano «bo- 
A,hoh» h «Ha3eMHoii» KJia^aM 3thx napa3HTOB. Cpe^H COBpeMeHHbix TpHnaHO¬ 
COM b KanecTBe ochobhbix xo3aeB-no3BOHOHiibix npeACTaBHTeneii «boaiioh» 
Kjia^bi OTMenaiOTCB pbi6bi h aM(Jw6HH, a b xanecTBe nepeHOCHiiKOB hhbbkh h 
^BVK pbiJibie HaceKOMbie. napac[)HJieTHHecKa» «Ha3eMiiaa» KJia^a ropa3,zjo Donee 
pa3HOo6pa3Ha. Krta^a «T. cruzi» xapaKTepnayeTca: no3BOHOHHbie xoaaeBa — 
MjieiconHTaiomHe, nepeHOCHHKH — toionbi; «Rodent clade» cootbctctbchho: 
no3BOHOHHbie xo3»eBa — MJieKonHTatomHe, nepeHocniiKH — 6jioxh; «T. bru- 
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cei clade»: no3BOHoiHbie xo3aeBa — MneicomiTaiomHe, nepeHocHHKH — ^By- 
KpbiJibie HaceKOMbie; «Lizard clade»: no3BOHOHHbie xo3aeBa — peimimiH 
(amepiiubi h 3Men), nepeHOcmiKH — aByKpbijibie HaceKOMbie; «Avian clade»: 
(noJiiK^imeTiiHecKHH) no3BOHOHHbie xo3aeBa — immbi, nepeHOCHHKH — jjBy- 
KpbiJibie HaceKOMbie; «T. gravi clade»: nosBOHOHHbie xo3aesa — penTHJiHH 
(Alligatoridae h Crocodilydae), nepeHocHHKH — ^ByKpbuibie HaceKOMbie h, Ha- 
KOHeu,, «T. theileri clade»: no3BOHO L iHbie xo3aeBa — MJieKonHTaiomHe, nepe- 
hochhkh — ^ByKpbiJibie HaceKOMbie (Hoare, 1972; Noyes et al., 2002; Hamil¬ 
ton et al., 2007; Ferreira et al., 2008; Viola et al., 2008; Zidkova et al., 2012; 
Lima et al., 2013; Hayes et al., 2014). 3a nepTOH stoto cnncKa Mbi co3HaTenbHo 

OCTaBHJIH pa^ npHMepOB «HeTHnH4HbIX» nepeHOCHHKOB, BKJlIOHeHHe KOTOpbIX 
b uiiKJibi paaniiHHbix TpunaHOCOM hocht, c 6onbmoH floneM BepoaTHOCTH, bto- 
pHHHbiil xapaKTep h KOTOpbix mm oyyeM paccMaTpHBaTb b cb»3h c ApyrHMH 
(JiopMaMH TpaHc^opMauHH. npHHHMaa TTH MOfleiib nponcxoacHeHna po.ua 
Trypanosoma, HeT CMbicna Ha naHHOM 3Tane <})OKycHpOBaTb BHHMaHHe Ha 

X03«eBaX- n03BOHOHHbIX aCHBOTHbIX. Ko3BOJHOUHa C n03B0H0HHbIMH, 6e3yc- 

jiobho, Hamaa OTpaaceHHe b (JiopMHpoBaHHH coBpeMeHHoro pa3Hoo6pa3Ha TpH- 
naHOCOM. O^HaKO ynacrae n03B0H04Hbix b CTaHOBJieHHH reTepOKceHHoro a<H3- 
HeHHoro u,HKjia TpnnaHOCOM hochjio OTHOCHTenbHO naccHBHbm xapaKTep. 
Hmchho HaceKOMbie, comacHo TTH Moneim, nonacHbi 6buiH «npejiJiaraTb» no- 
3B0H04HbIM aCHBOTHbIM TpHnaHOCOMaTHH, a 3aOHHO H 3(j)(j)eKTHBHbIH Cn 0 C 06 
UHpKyjiairHH napa3HTOB b hoboh Aeyxo3HHHHOH CHCTeMe. 

HTo6bi nonbixaTbca pa3o6paTbca c TeM, KaKne hmchho HaceKOMbie HaH6o- 
aee iio.hxo.ziht Ha 3Ty poab, 3aMeTHM, hto b rpynne TTH nonaBJiaiomee 6onb- 
niHHCTBO bhjiob TpHnaHOCOMaran napa3HTHpyeT b HaceKOMbix OTpaflOB Dipte- 
ra, Hemiptera h Siphonaptera (HozuiHiiaeB, 1990). Bbirne Mbi otmcthjih, hto 
HM eHHo npezicraBHTeJiH sthx OTpanoB HaceKOMbix Taxace cnyacaT h ochobhm- 
mh nepeHOCHHKaMH TpnnaHocoM. npencTaBHTejiH npyrnx OTpanoB HaceKO¬ 
Mbix, BKjnoaaiomHe xo3aeB TTH, b KanecTBe nepeHocmiKOB TpHnaHocoM He 
H3BecTHbi. TaKHM o6pa30M, ecTb HOCTaTOHHbie ocHOBaHHa, HJia Toro hto6bi 
CB a3biBaTb npoHCxovKzieHHe pona Trypanosoma c npeziCTaBUTejia mh ohhoto H3 
Tpex nepeaHCJieHHbix Bbime OTpanoB HaceKOMbix. Kaoiibi cnyacaT nepeHOCHH- 
KaMH TpHnaHocoM, BxonauiHX b KJia^y «T. cruzi», 6jioxh nepeHocaT tojibko 
T pnnaHocoM H3 xnanbi «Rodent». B KanecTBe no3BOHOHHbix xo3aeB o6e rpyn- 
nbi Hcnojib3yiOT iiCKjii04HTejibH0 MJieKonHTaiomHX acHBOTHbix. Ha (JnuioreHe- 
THHecKHx HepeBbax pona Trypanosoma, nocTpoeHHbix KaK no nocaeziOBa reJib- 
HOCTaM reHa 18S pPHK, Tax h no nocJienoBaTenbHOCTaM SejiKOBbix reHOB 
(HSP, gGAPDH), ohh (JjopMnpyiOT cecTpHHCKHe Kjianbi n Bcerna fliiCTaHirnpo- 
BaHbi ot 3aHHMaiomeH 6a3aabHoe nonoaceHHe rpynnbi «Aquatic clade» h oojib- 
mHHCTBa npyrax «Ha3eMHbix» KJian TpnnaHocoM (Simpson et al., 2006; Hamil¬ 
ton et al., 2007; Stevens, 2008). XoTa (JmjioreHeTHHecKiie OTHomemia Mea<ny 
nepenHCJieHHbiMH Bbime rpynnaMH TpnnaHocoM bo mhothx caynaax OKOHna- 
TeabHo He onpettejieHbi, TeM He MeHee KJiazibi «T. cruz\» h «Rodent» HiiKorna 
He 3aHHMaiOT Ha hhx 6a3ajibHyio no3Hii,Hio (pHC. 3) (Hamilton et al., 2007; Ste¬ 
vens, 2008). YaiiTbiBaa 3 to h to, hto KJionbi h Gjioxh aBJiaiOTca y3KO cneruia- 
JlH3HpOBaHHbIMH IiepeHOCIHKaMH TOJIbKO B HByX CeCTpHHCKIIX M0H0(|)HJieTH4e- 
ckhx cyoKJianax TpnnaHocoM, mbi He Haxo/iHM b HacToamee BpeMa ocHOBamiii 
CBa3biBaTb nponcxoaczteHHe pona Trypanosoma c TOMOKceHHbiMii a<ryTHKOHOC- 
U,aMH H3 3THX HaceKOMbix. B OTJIHHHe OT KJlOnOB H 6jIOX mimeBOH CneKTp pa3- 
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JIIIHHbIX AByKpblJIbIX IiaCCKOMBIX OXa3bIBaCTCfl IiaCTOJlbKO LUHpOK, HTO OXBaTbl- 
BaeT Bee rpynnu ho3bohohhbix jxhbothmx, BKJiioHaa pbi6 (Wirth, Hubert, 
1989). B 6ojibimiHCTBe ceMeScTB AByxpbiJibix, b KOTOpbix OTMeneH nepexo,zt 
HacexoMbix k oojuiraTHou reMaToiJiarHH, npHcyTCTByioT nepeiiocHHKH Tpnna- 
hocom. Ohh oTMCuatoTCH cpcjiH pa3JiHHHbix bh^ob MoxpeijOB (Ceratopogoni- 
dae), KOMapOB (Culicidae), Myx ijeite (Glossinidae), KpoBOCocox (Hippobosci- 
dae), HacToamiix Myx (Muscidae), mockhtob (nottceM. Phlebotominae), Mornex 
(Simuliidae) h cnenHeir (Tabanidae). ^Byxpbuibie HacexoMbie Hcnojib3yioT pa3- 
nHHHbie MexaHH3Mbi .zyia nepettauu TpunanocoM nosBOHOHiibiM hchbothbim. 
TouHee 6y^eT cxa3aTb Bee B03M0>xHbie MexaHH3Mbi. 3to mojxct GbiTb npoHJi- 
jnocTpiipoBaHO Ha npiiMepe «nTHHbHx» TpHnaHocoM h hx nepeHOCHHxax H3 
ttByKpbuibix HacexoMbix ceMeircTB Culicidae, Hippoboscidae h Simuliidae. Tax, 
pa3BHTiie TpHnaHocoM b Mouixax h xpoBOCocxax 3aBepmaeTca (JiopMHpoBaHH- 
eM HHtjjexTHBHbix cTa/tHH b pexTyMe HacexoMbix, r^e ohh noxajiH3yioTca Ha 
xyraxynapHOH BbiCTHJixe 3a,miCH xhihxh. 3apa>xcHHC nTHit mokct ocymecTB- 
jMTbCfl ttByMa cnocodaMH: xoHTaMHHaTHBHbiM (aetjtexaitHa hjih ^nype3) h ne- 
popanbHbiM — npn noettaHHH nepeHocnuxa (Mungomba et al., 1989; Dirie et 
al., 1990; Votypka, Svobodova, 2004). B xHuieuHHxe xoMapoB pa3BHrae Tpn- 
naHOCOM 3aBcpmaeTC3t b ncpejmcM ottcjic cpcjmcii xhiuxh Ha xyraxynapHOH 
BbiCTHJixe tjiotohhoto xnanaHa (stomodeal valve) (Votypka et al., 2012; Zid- 
kova et al., 2012). SxcnepHMeHTajibHo ttoxa3aHa B03M0>xH0CTb nepopajibiioro 
3apa>xeHH5i nrau sthmh napa3HTaMH (Votypka et al., 2012). OttHaxo noxa3aHO 
Tax>xc, hto nojioOuo HexoTOpbiM npejiCTaBHTCJiHM po^a Leishmania TpnnaHO- 
comm pa3pyuiaioT xHTHiioByio BbicTHJixy niOTOHHoro xjianana (Votypka et al., 
2012). 3to npHBOAHT y xo3aeB JieitiHMaHHH x iiapymeHHio nopMajtbHoro npo- 
uecca nmaHHa h nepnoAHnecxoMy cpbirHBaHHio co^epJXHMoro nHitteBOtta b 
paHeByio oOjiacTb h nepeztaHe tbxhm o6pa30M HHtjiexHHH (Volf et al., 2004). 
KpoMe toto, aByxpbiJibie HacexoMbie peajiH3yioT eme ojihh cnoco6 juia nepe- 
ttanH TpunaHocoM no3BOHOHHbiM xo3seBaM — MexaHHnecxHH nepenoc. npH 
3Tom >xryTHxoHocubi siooOme He npeTepneBaioT b nacexoMOM nuxaxoro pa3BH- 
thji. B 3tom njiaHe niupoxo H3BecTeH npHMep T. evansi — B036yjmTejin «cyay- 
py», 3a6ojieBaiiHa, xoTopoMy no,ziBep>xeHbi itejibiH pa# aoMamHHx h cejibcxo- 
xo33HCTBeHHbix jxHBOTHbix (Hoare, 1972). 

Pa3HOo6pa3He (])OpM TpaHCMHCCHH, mHpOXHH xpyr JXHBOTHblX npOXOpMH- 
tcjich, 6e3ycjiOBiio, bbihcjihkit HByxpbuibix HacexoMbix cpejni ocTanbHbix H3- 
BecTHbix nepeHOCHHXOB TpunaHOCOM h, hccomhchho, yxa3biBaiOT Ha npo- 
^ojDXHTejibHbiil xapaxTep xoaBOiiiomioHHbix oTHomeiiiifi, cBaibiBaiounix hx c 
TpHnaHOCOMaTH^aMH po.ua Trypanosoma. najieoHTOJiorHHecxue .naHHbie He 
npoTHBopenaT 3TOMy npe^nojio^ceHHio. EojibuiHHCTBO rpynn xpOBOCOcymnx 
/iByxpbuibix HacexoMbix — nepeHOCHHXOB TpnnaHocoM — oxa3biBaioTca tto- 
CTaTOHHO nojiHO npe/icTaBJieHbi y>xe b paHHeM Mejiy (JlyxauieBHH, Moctobcxhh, 
2003). 3^ecb OytteT yMecTHbiM bchomhhtb cooOmeHiia T. noimapa c onncaHH- 

SMH TpHnaHOCOMOnOttoSHblX TXTyTHXOHOCIteB H3 OlIpMaHCXHX HHTapHbIX HHX- 
JH03HH MOXpeitOB, .ZiaTHpyeMbIX 3THM >Xe nepHOflOM. 3tO, B H3CTHOCTH, Tpima- 
HOCOMa Paleotrypanosoma burmanicus H3 Moxpeita Leptoconops nosopheris 
(Poinar, 2008b). H3 Bcex ocTajibHbix BexTopoB TpHnaHocoM TOJibxo 6jioxh, a 
TOHHee «npe^6jioxH» H3BecTHbi iiaHHiiaa c noi/mefi iopbi, ojmaxo coBpeMeH- 
Hbie hx pojibi, x xoTopbiM npHiia/uioxaT nepenocHiixii TpHnaHocoM 113 «Rodent 
clade» OTMeneHbi b najieoHTOJiorHHecxoii jieToniicn jiimib Hanimaa c soueHa 
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(JlyKauieBiiH, Mocxobckhh, 2003). HaxoHen, 6ecno3BOHOHHbiMH xo3aeBaMH 
Paratrypanosoma confusum, opraHH3Ma, 3aHHMaiomero oasajibiioe nojio>KeHHe 
Ha (JjHJioreHeTHHecKOM ^peBe Bcex xpHnaHocoMaxH#, aBnaioxca xaioxe npea- 
CTaBiiTenn oxpa,aa Diptera, KOMapbi pojia Culex (Van Dyken et al., 2006; 
Flegontov et al., 2013). no^BO^ji HTor h ocHOBMBaacb Ha Bcex nepenHcneH- 
hmx Bbirne (fmxxax, mchkho, xbkhm o6pa30M, npeanono>KHTb, hxo npe^OK 
TpimaHocoM 6bui roMOKceHHbiM napa3HTOM nByKpbuibix naceKOMbix. KoHxpe- 
TH3HpoB3Tb rpynny ^ByKpbiJibix naceKOMbix, c Koxopon 6bino CBaaano 3xo 
co6biTiie, noxa hcbo3mo>kho. HaH6onee BepoaTiibiM npexeHaeHxoM Ha 3xy 
ponb npettcTaBJiaeTca KBapTeT ceMencxB, npe,xcxaBHTejiH KOTopbix xeopexn- 
necKii yace Moran cymecxBOBaxb b no3^neiopcKOM nepnoae h KOTopbie o6jia;ja- 
iot naHOOJiee umpoKHM nnmeBMM cneKTpoM. 3xo npencxaBHTejiH ceMeiicxB 
Psychodidae, Culicidae, Ceratopogonidae h Simuliidae (JlyKameBHH, Moc¬ 
xobckhh, 2003). ^ajibHeiiuiHe HccjiettoBaHHa TpHnaHocoM H3 3thx HaceKo- 
Mbix, bo3mo}kho, no3BOJiax 6ojiee npe^MeTHO cynnxb o paHHen sbojikduhh po^a 
Trypanosoma. 


OEPATHAfl MAKPOTPAHCO>OPMAi;MH 

3XOX THn TpaHCCflOpMaHHH )KH3HeHHOrO HHKJia TpHnaHOCOMaTHZI B 3BOJHO- 
Uhohhoh hctophh ceM. Trypanosomatidae npeflcxaBneH noxa eaHHCXBeHHbiM 
H3BeCTHbIM npHMepOM. Oh CBM3aH C yTpaTOH a(J)pHKaHCKHMH TpHnaHOCOMaMH 
H3 (J)HjioreHeTHHecKOH rpynnbi «T. brucei clade» nepeHOCHHKa Myx ueue 
(Glossina ) h B03HHKHOBeHHeM bxophhho roMOKceHHoro avnanennoro HHKJia y 
Trypanosoma brucei equiperdum (Hoare, 1972; Brun et al., 1998; Lai et al., 
2008). TpnnaHocoMbi T. b. equiperdum B036y,a,HxeJiH ztypnHbi hjih noace- 
ttajia — cepbe3noro 3a6oJieBaiiHa jiouiatteH, ocjiob h hx rn6pHflOB, pacnpo- 
CTpaHeHHoro b AtjjpnKe, A3hh h K)>khoh AMepHKe. 3apa>xeHHe jkhboxhmx 
npoHcxottHT npH noJiOBOM KOHTaKTe. TpHnaHocoMbi pettKO BbiaBJiaioxca b 
KpoBHHOM pycne, pa3MHo>xaacb b pa3JiHHHbix xkbhhx xo3HHna. Eme C. Toap 
yOe^Hxejibno npo^eMOHCxpHpoBaji Mopc^ojiorHxecKoe cxohctbo T. b. equiper¬ 
dum h T. b. evansi (sxox noflBHH mm paccMoxpHM b apyroM o63ope) c T. b. bru¬ 
cei - OCHOBHbIM B036y^HXeJieM A(|)pHKaHCKHX XpHnaH0C0M030B >KHBOXHbIX 

(Hoare, 1972). Ha ochob3hhh 3xoro h pa^a ttpyrnx aaHHbix oh npennojioacHJi, 
hxo B03HHKHOBeHHe T. b. equiperdum CBa3aHO c BbixonoM no3BOHOHHbix xo3a- 
eB T. brucei 3a rpaHHHbi apeajia hx ecxecxBeHHoro nepenocnnKa — Myx potta 
Glossina h nocjie^OBaxejibHMM nepexo^OM xpHnaHOCOM k xnaneBOMy napa3H- 
XH3My. nocJieziHHH cxan ochobhoh, a no cyxn ezuiHcxBeHiioH cxpaxerneH pa3- 
BHxna b no3BOHOHHOM xo3aHHe y T. b. equiperdum (Hoare, 1972). Ecjih Bonpoc 
o npoHcxo'/KnciiHH B036yaHxejia nypniibi 6mji oxHOCHxenbHO ohcbhhch, xo 
npHHHHbl CXOJIb HeXHnHHHOH XpaHC(|)OpManHH >KH3HeHHOrO LtHKJia ao He^aBHe- 
ro BpeMeHH 6mjih npettMexoM MHoroHHCJieHHbix nncxyccHH (Hoare, 1972; 
Brun et al., 1998; Lai et al., 2008; Lun et al., 2010; Schnaufer, 2010). OttHoii H3 
oxnHHHxejibHbix MopcJjojiorHuecKHX nepx T. b. equiperdum aBJiaexca ancKHiie- 
xonnacxHa. 06iueH3BecxHO, hxo KHHexonnacxHaa (MHxoxoH^pnajibHaa) 71,HK 
xpHnanocoMaxHH npencxaBJiena KOJibueBbiMH MonexynaMH nByx pa3MepHbix 
xaxeropHH, nojiyHHBumx Ha3B3HHe m3kch- h MHHHKOJien. B MHXoxoHapnajib- 
hom reHOMe T. brucei, ohhom H3 caMbix oonbinux cpe^H syKapnox, 7(HK opra- 
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HH30BaHa b aecsTKii Maxell- h tbicshh MHHHKOJieu (Lukes et al., 2005). Maic- 
ciiKOJibiia co^ep>KaT b ochobhom KaaccnaecicHe MHTOxomtpHaabHbie reHbi, ko- 
TOpbie TpaHCJIHpyiOTCa C COOTBeTCTByiOmHX TpaHCKpHnTOB TOJlbKO IlOCJie 
npouecca pe^aKTiipoBaHiia PHK. B 3tot npopecc BOBaeaeHbi rH^OBbie PHK 
HeOojibinne no pa3Mepy MOJieKyjibi, aBaaiomneca npOH3BO,ztHbiMH MHHHKoaeu 
(Lukes et al., 2005; Stuart et al., 2005; Jensen et al., 2008). IloKa3aHO, hto npn 
AHCKHHeTonnacTHH nponcxoanT nacTHUHaa hjih noanaa roMoreiiH3auHa mhhh- 
Koaen k/(HK, conpOBoac^aiomaaca nocae,ayiomeH aeaeuneH b MaKCHKoabiiax 
(Lai et al., 2008). Hapymemie HOpMaabHOH TpaHCKpHnunn MHTOxomtpHaab- 
hbix reHOB KaTacTpoc()HHecKH cica3biBaeTca Ha CTa^nax TpHnaHocoM, nona,ztaio- 
iijhx b nepeHocuHKa, nocKOJibKy hx npoaHtjiepauHa TpeOyeT nojiHoneHHOH 
(JjyHKiiHOHajibHOH aKTHBHOCTH MHTOxoH^pHOHa h b nepByio oaepe,ztb ero pec- 
mipaTopHoro KOMnaeKca (Lukes et al., 2005; Stuart et al., 2005). OraflHH 
T. brucei, pa3MHoacaK>mHeca b KpoBaHOM pycae no3BOHoaHoro acHBOTHoro, Ha- 
npOTHB, Hcnoab3VK»T raHKoaHTHnecKHH nyTb oSMena, hx MUTOxonapnanbiiaa 
CHCTeMa Haxo^HTca b noflaBaeHHOM cocto»hhh, a mhtox onap m anbHbie reHbi, 
KOTOpbie npofloaacaiOT (JiyHKiiHOHHpoBaTb, OKaibmaioTca jaiuHiueiibi paaana- 
hmmh MoaeKyaapiibiMH MexaHH3MaMH (Lai et al., 2008; Lun et al., 2010). He- 
.qaBHHe Hccae^OBaHHa noica3aaH, hto B03HHKHOBeHHe flHCKHHeTonaacTHbix 
niTaMMOB T. b. equiperdum npoHcxoflHT b nonyaauHH T. brucei cnoHTaHHO h 
ZtocTaTouHo aacro BcaeflCTBHe MyrauHH, aacTHaHO pa3pyma)oiiiHx mhtoxoha- 
pnaabHbiH reHOM. rio^oOiio neTHT-MyTaHTaM apoaoKeii Saccharomyces cerevi- 
siae pa3aHHHbie HiTaMMbi T. b. equiperdum He (|)opMHpyiOT MOiiotjiHaeTHae- 
ckhh KaacTep, a aeMOHCTpupyiOT pe3yabTaT ne3aBHCHMoro nponcxoacaeiina, b 
tom ancae na ocuoBe caerKa pa3aHaaioinHxca MexaiiH3MOB (Jensen et al., 2008; 
Lai et al., 2008; Lun et al., 2010). Oica3aBmHCb, no o6pa3HOMy BbipaaceHHio aB- 
TOpOB 3THX HCCaeaOBaHHH, «3anepTbIMH» B n03B0H0HH0M X03aHIie TaKHe Tpn- 
naHOCOMbi floaacribi an6o norHOuyTb, an6o HCKaTb noBbie ny™ pacceaenna. 
CoaaaeTca HHTepecHaa CHTyanna, npn KOTopon T. b. brucei He MoaceT bbihth 
3a rpaiiHiibi apeaaa CBoero nepeHocanica — Myx poaa Glossina b cnay ray6o- 
khx aaanTauHH napa3HTa k pa3BHTHio HMeHHO b 3thx naceKOMbix. MyTaHTHbie 
ace HiTaMMbi T. b. equiperdum BOoSme anmeHHbie B03MoacnocTH pa3BHBaTbca b 
KaKHX-anOo nepeHOcanicax, pacceaaioTca npaKTHaecKH BcecBerao 6aaroaapa 
nepexoay OT napa3HTHpoBaHHa b KpoBaHOM pycae no3BOHoaHoro xo3aHHa k 
pa3BHTHio b ero TKaHax. B cneayfomeM o63ope mbi BepHeMca k T. b. equiper¬ 
dum KaK pa3 b KOHTeKCTe oOcyacaeHHa 3iiaoTpaHcc])opManHH acH3HeHHbix hhk- 
aoB y TpnnaHocoM b no3BOHoaHbix xo3aeBax. 

3aBepmaa o63op, nocBameHHbiii MaicpoTpaHCcJiopMamiaM acH3HeHHbix uhk- 
aoB TpnnaHOCOMaTHa, otmcthm hx pa3anaHyio poab b 3BoaK>UHOHHOH hcto- 
pHH rpynnbi. OOpaTHaa MaKpoTpaHc^opManna acH3HeHHoro miKaa T. b. equi¬ 
perdum no3Boanaa 3TOMy napa3HTy bbihth 3a rpaminbi apeaaoB oouTannH 
cneHHf])HaHbix nepeHOcaHKOB TpnnaHocoM T. b. brucei — Myx nene h BMecTe 
co cbohmh xo3aeBaMH pacceaHTbca npaKTHaecKii BcecBerao. OaHaico oae- 
bh^ho, aTO 3th TpnnaHocoMbi b cnay cneiiH^iHKH CBoeii aoKaaH3au,HH b xo3ae- 
Bax h MexaHH3Ma nepeaaan HHB33HH OKa3aaHCb b 3BoaiomiOHHOM TynHKe. Ha- 
npoTHB, npaMbie MaicpoTpaHCfjiopMaiiHH acH3HeHHbix niiKaoB roMOKceHHbix 
TpiinanocoMaTHa HaceKOMbix npHBean k o6oco6aeHino Tpex aiiHHii reTe- 
poKceHHbix napa3HTOB, npHiiaaaeacainnx k poaaM Tiypanosoma, Leishmania 
h Phytomonas, c kotopbimh CBa3aHbi ocHOBHbie 3BoaK>u,noHHbie ycnexn rpyn- 
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nbl. B ,HHBCpCH(})HKaiJHH 3THX TpimailOCOMaTH^ 3Iia i IHTCIIl)HyK) pOJlb HrpajlH 
npopecctl 3K30TpaHC(|)0pMaLi;HH )KH3HeHHbIX IfHKJlOB, KOTOpbie MbI paCCMOT- 
piiM b cneayromeM o63ope. 
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TRANSFORMATIONS OF LIFE CYCLES IN THE EVOLUTIONARY HISTORY 
OF TRYPANOSOMATIDS. MACROTRANSFORMATIONS 

A. O. Frolov, M. N. Malysheva, A. Yu. Kostygov 
Key words: Kinetoplastea, Trypanosomatidae, life cycles, evolution. 

SUMMARY 

The review concerns analysis of life cycle macrotransformations in the evolutionary 
history of trypanosomatids. The term «macrotransformations» stands for evolutionary pro¬ 
cesses leading to the establishment of heteroxenous and secondary homoxenous life cycles 
within Trypanosomatidae. There were three direct macrotransformations in the evolution 
of the group resulting in the rise of heteroxenous genera Leishmania, Trypanosoma and 
Phytomonas , and one case of reverse macrotransformation in trypanosomes of T (b.) bru- 
cei group. The issues of the origin, diversity and phylogeny of taxa whose emergence re¬ 
sulted from macrotransformations of life cycles of homoxenous trypanosomatids. 
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